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In this conference report a summary is given on the recent theoretical work that has contributed to 
improve the theoretical predictions for testing the standard model in present and future experiments. 
Precision calculations for the Z resonance are reviewed and the status of the standard model is discussed 
in the light of the recent top discovery and of the results from precision experiments. Furthermore, 
theoretical progress for the Higgs search, for W physics at LEP II, and for the anomalous magnetic 
moment of the muon is summarized. New Physics beyond the minimal model is briefly discussed, in 
particular the mimimal supersymmetric standard model in view of the recent electroweak precision data. 
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1 Introduction 

The present generation of high precision experiments 
imposes stringent tests on the standard model of elec- 
troweak and strong interactions El. Besides the impres- 
sive achievepjijents in the determination of the Z boson 
parameters BH and the W mass u, the most important 
step has bfiSO the confirmation of the top quark at the 
Tevatron alu. Its mass determination by the CDF col- 
laboration □ yields mt = 176±8±10 GeV and by the 
DO collaboration U: mt = 199 
an weighted average of 



21 ± 22 GeV, resulting in 



mt = 180 ± 12GeV . 



(1) 



The high experimental sensitivity in the electroweak 
observables, at the level of quantum effects, requires the 
highest standards on the theoretical side as well. A size- 
able amount of work has contributed over the last few 
years to a steadily rising improvement of the standard 
model predictions pinning down the theoretical uncer- 
tainties to a level sufficiently small for the current inter- 
pretation of the precision data, but still sizeable enough 
to provoke conffict with a further increase in the experi- 
mental accuracy. 

In this report we review the recent theoretical work 
which has provided the current theoretical basis for tests 
of the standard model at present and future colliders. 
A detailed description of the standard model predictions 
for observables around the Z peak can be found in the 
Working GrouB report on 'Precision Calculations for the 
Z Resonance' ID (see also the talk by Bardin at this con- 
ference □) . This is followed by a discussion of the present 
status of the standard model in the light of the recent 
experimental results. Afterwards we report on theoreti- 
cal progress in the study of Higgs and WW physics, and 
for g-2 for muons. A short discussion of the status of the 
MSSM concludes this presentation. 



2 Theory for precision tests 

2.1 Radiative corrections 

The possibility of performing precision tests is based on 
the formulation of the standard model as a renormaliz- 
able quantum field theory preserving its predictive power 
beyond tree level calculations. With the experimental 
accuracy in the investigation of the fermion-gauge boson 
interactions being sensitive to the loop induced quantum 
effects, also the more subtle parts of the standard model 
Lagrangian are probed. The higher order terms induce 
the sensitivity of electroweak observables to the top and 
Higgs mass mt, Mh and to the strong coupling constant 

Us- 

Before one can make predictions from the theory, a 
set of independent parameters has to be determined from 
experiment. All the practical schemes make use of the 
same physical input quantities 



a, G^, Mz, mj, Mh] ots 



(2) 



for fixing the free parameters of the standard model. Dif- 
ferences between various schemes are formally of higher 
order than the one under consideration. The study of 
the scheme dependence of the perturbative results, after 
improvement by resumming the leading terms, allows us 
to estimate the missing higher order contributions. 

Two fermion induced large loop effects in electroweak 
observables deserve a special discussion: 

• The light fcrmionic content of the subtracted photon 
vacuum polarization 



Aa = H}_(0)-ReH^ 



corresponds to a QED induced shift in the electro- 
magnetic fine structure constant. The recent update 
of the evaluation of the light quark content bv-Eidel- 
man, JegerlehnerB and Burkhardt, PietrzykllJ both 



yield the result 



2.2 The vector boson masses 



[Aa] 



had 



0.0280 ±0.0007 



and thus confirm the previous value of IliLmith an 
improved accuracy. Other determinations I13't3 agree 
within one standard deviation. Together with the 
leptonic content, Aa can be resummed resulting in 
an effective fine structure constant at the Z mass 
scale: 



a(M|) = 



1 



1- Ac 



128.89 ±0.09 



(3) 



• For a general structure of the scalar sector, the elec- 
troweak mixing angle is related to the vector boson 
masses by 



sm 



= 1 - 



2 

Cw^P 



pM: 



1 



Ml 
Ml 



(4) 



where the p-parameter p — (1 — Ap)^^ is an addi- 
tional free parameter. In the standard model, one 
has the tree level relation p = 1. Loop effects, how- 
ever, induce a deviation Ap 7^ 0. Jjhe main contri- 
bution is from the {t, h) doublet O, in 1-loop and 
neglecting rrn, given by: 



Ap 



(1) 



Xt 



87r2\/2 



(5) 



Higher order irreducible contributions have become 
available, modifying Ap according to 

Ap^3xf[l + xtp^^'^ +Spqcd] (6) 

The electroweak 2-loop part El'Eia described by the 
function p^^^ {Mh /rrit) derived in E£l for general Higgs 
masses. 6p Qg4>-if the QCD correction to the leading 



Gf,mf term Ut 



SpQCD 



asip) ( as{p) 



with 



■ ci 



2 /t: ' ^ 



c2(m) (7) 



(8) 



and the recently calculated 3-loop coefficent 







C2 = —14.59 for p ~ rrit and 6 flavors (9) 

with the on-shell top mass TOj. It reduces the scale 
dependence of SpQCD significantly and hence is an 
important entry to decrease the theoretical uncer- 
tainty of the standard model predictions for preci- 
sion observables (see section 2.4). 



The correlation between the masses Mw , Mz of the vec- 
tor bosons in tewns of the Fermi constant G^, in 1-loop 
order given by t2l: 

= 2^12 + Mw,Mz, Mh, mt)] . (10) 

The decomposition 



Ar = Aa - ^ Ap^^^ + (Ar) 



remainder • 



(11) 



separates the leading fermionic contributions Aa and 
Ap. All other terms are collected in the {Ar)remamder, 
the typical size of which is of the order ~ 0.01. 

The presence of large terms in Ar requires the con- 
sideration of higher than 1-loop effects. The modification 
of Eq. (10) according to 



1 + Ar 



1 



(1 - Aa) • (1 + %Ap) - {Ar)remainder 
1 



1 - Ar 



(12) 



accommodates the following higher order terms (Ar 
in the denominator is an effective correction including 
higher orders): 

• The leading log resummation @ of Aa: 1 + Aa 
(1- Aa)"i 

• The resummation of the leading contribution 
in terms of Ap in Eq. (6). Beyond the G^rn^as ap- 
proximation through the p-parameter, the complete 
O(aas) corrections to the self epergies are available 
from perturbative calculations E3 and by means of 
dispersion relations c3. All the higher order terms 
contribute with the same positive sign to Ar, thus 
making the top mass dependence of Ar significantly 
flatter. This is of high importance for the determi- 
nation of an upper bound on mt from Mw measure- 
ments, which is affected by the order of 10 GeV. 
Quite recently, also non-leading terms to Ar of the 
type 

„ /as\2 / Ml Mi\ 
^ ' V TT / \ mf rrq J 

have been computed 0. For mt = 180 GeV they 
contribute an extra term of +0.0001 to Ar and thus 
are within the uncertainty from Aa. 

• With the quantity {Ar)remainder in the denomina- 
tor non-leading higher order terms containing mass 
singularities of the type \ogLM z / rn f) from light 
fermions are also incorporated E3. 



2.3 Z boson observables 

Measurements of the Z line shape in e+e^ f f yield 
the parameters M^, Tz, and the partial widths or the 
peak cross section 



i27r r,r, 



p2 

^ z 



(13) 



Whereas Mz is used as a precise input parameter, to- 
gether with a and G^, the width, partial widths and 
asymmetries allow comparisons with the predictions of 
the standard model. The predictions for the partial 
widths as well as for the asymmetries can conveniently be 
calculated in terms of effective neutral current coupling 
constants for the various fermions. 

Effective Z boson couplings: The effective couplings fol- 
low from the set of 1-loop diagrams without virtual pho- 
tons, the non-QED or weak corrections. These weak cor- 
rections can conveniently be written in terms of fermion- 
dependent overall normalizatkins p / and effective mixing 
angles s'j in the NC vertices lj: 

1/2 

J^^ = (V2G^A/|) (gC 7. - g{ 7,75) (14) 

1 /2 

= [V2G^M'zPf) {(li ~ 2Q/4)7. - ^3^7.75) . 

Pf and s'j contain universal parts (i.e. independent of the 
fermion species) and non-universal parts which explicitly 
depend on the type of the external fermions. In their 
leading terms, incorporating also the next order, the pa- 
rameters are given by 



1 



Pf 



(15) 



1 - Ap 

with Ap from Eq. (6). 

For the b quark, also the non-universal parts have 
a strong dependence on nit resulting from virtual top 
quarks in the vertex corrections. The difference between 
the d and b couplings can be parametrized in the follow- 
ing way 

Pb=Pd(l+T)^ Sl^sl{l+T)-^ 



(16) 



with the quantity 



calculated perturbatively, at thejpresent level comprising: 
the complete 1-loop order termcH with xt from Eq. (5): 



ArW=-2.,-^(c^ + l)lor 



67r2V2 



Mw 



(17) 



l^eading electroweak 2-loop contribution of 0{Gj^rrq) 
Ar(2) =-2x?r(2), (18) 



where r^^^ is a function of MH/nit with r*^^^ = 9 — tt^/S 
for Mh <C mt] the QCD corrections to the leading term 
of 0{asG^m1) £3 



Ar("=) = 2xt 



(19) 



and the 0{as) correction to the \ogmt/Ml^^:. term in (17), 
with a numerically very small coefficient t3. 

Asymmetries and mixing angles: The effective mixing 
angles are of particular interest since they determine the 
on-resonance asymmetries via the combinations 



A 



f 



(20) 



Measurements of the asymmetries hence are measure- 
ments of the ratios 

g(,/g{ = 1 - 2Qfs} (21) 

or the effective mixing angles, respectively. 

Z width and partial widths: The total Z width Tz can 
be calculated essentially as the sum over the fermionic 
partial decay widths 



F; = T{Z ^ //) (22) 



The dots indicate other decay channels which, however, 
are not significant. The fermionic partial widths, when 
expressed in terms of the effective coupling constants 
read up to 2nd order in the (light) fermion masses: 

T/ - ^0 ( (acr + (aim a +Qf^) 



Att' 



AT 



with 

Fo = 



QCD 



f ^/2G,M| 

^ 1271 ' 



1 (leptons), — 3 (quarks). 



The QCD correction for the light quarks with ruq ~ is 
given by 



QCD 



F, 



{{9if + {9, 



/^2 

A) 



QCD 



(23) 



with 



i 



QCD 



1.41 



Q/ aas 



For b quarks the QCD corrections are different due to 
finite b mass terms and to top quark dependent 2-loop 
diagrams for the axial part: 

AT^QCD = AF^cD + To [(5^)' Rv + {g^f Ra] (24) 



The coefficients in the perturbative expansions 

Rv = Ci— +C2( — ) +C3( — )^ + ---, 
TT TT TT 

TT TT 

depending on and mj, are calculated up to third ord^r 
in the vector and up to second order in the axial part t3. 

Radiation of secondary ferniions through photons 
from the primary final state fermions can yield another 
sizeable contribution to the partial Z widths which, how- 
ever, is compensated by the corresponding virtual con- 
tribution through the dressed photon propagator in the 
final state vertex correction. For this compensation it 
is essential that the analysis is inclusive enough, i.e. the 
cut to the invariant mass of the secondary fermions is 
sufficiently large 123. 

2.4 Status of the standard model predictions 

For a discussion of the theoretical reliability of the stan- 
dard model predictions one has to consider the various 
sources contributing to their uncertainties: 

The experimental error propagating into the 
hadronic contribution of a(Mf), Eq. (3), leads to 
6M\Y = 13 MeV in the W mass prediction, and 6 sin^ 9 = 
0.00023 common to all of the mixing angles, which 
matches with the future experimental precision. 

The uncertainties from the QCD contributions, be- 
sides the 3 MeV in the hadronic Z width, can essentially 
be traced back to those in the top quark loops for the 
p-parameter. They can be combined into the following 
errors Ej, which have improved due to the recently avail- 
able 3-loop result: 

(5(Ap) ~ 1.5 • 10"^ (5s| ~ 0.0001 

for nit = 174 GeV, and slightly larger for heavier top. 

The size of unknown higher order contributions can 
be estimated by different treatments of non-leading terms 
of higher order in the implementation of radiative correc- 
tions in electroweak observables ('options') and by inves- 
tigations of the scheme dependence. Explicit compar- 
isons between the results of 5 different computer codes 
based on on-shell and MS calculations for the Z reso- 
nance observables are documented, in the "Electroweak 
Workin|g Group Report" Ea in ref. Q (see also the talk by 
BardinIS). The typical size of the genuine electroweak un- 
certainties is of the order 0.1%. The following table shows 
the uncertainty in a selected set of precision observables. 
In particular for the very precise Sg the theoretical uncer- 
tainty is still remarkable. Improvements of the accuracy 
displayed in table 1 require systematic electroweak and 
QCD-electroweak 2-loop calculations. As an example for 
the importance of electroweak non-leading 2-loop effects, 
an explicit calculation of these terms has been performed 



for p (the overall normalization) in neutrino scattering 
they are sizeable and comparable to the O(G^mf) term. 
Hence, one should take the registered uncertainties also 
for the Z region very seriously. 

Table 1: Largest half-diflferences among central values (A^) and 
among maximal and minimal predictions (Ag) for mt = 17&tleV, 
60 GeV < Mh < ITeV and as(M|) = 0.125 (from ref. M) 



Observable O 




A,0 


Mw (GeV) 




-3 




-2 


Te (MeV) 


1.3 X 10- 


-2 


3.1 X 10- 


-2 


Tz (MeV) 


0.2 




1.4 




5.5 X 10- 


-5 


1.4 X 10- 


-4 


*f) 


5.0 X 10" 


-5 


1.5 X 10- 


-4 


Rhad 


4.0 X 10" 


-3 


9.0 X 10- 


-3 


Rb 


6.5 X 10- 


-5 


1.7 X 10- 


-4 


Rc 


2.0 X 10" 


-5 


4.5 X 10- 


-5 


G^'"^ (nb) 


7.0 X 10- 


-3 


8.5 X 10- 


-3 


^FB 


9.3 X 10- 


-5 


2.2 X 10- 


-4 


^FB 


3.0 X 10- 


-4 


7.4 X 10- 


-4 


^FB 


2.3 X 10" 


-4 


5.7 X 10- 


-4 


Alr 


4.2 X 10" 


-4 


8.7 X 10- 


-4 



Low angle Bhabha scattering for a luminosity measure- 
ment at 0.1% accuracy still requires more theoretical ef- 
fort. For a description of the present status seg the contri- 
butions by Jadach et al. and other authop.in Q. Presently 
an accuracy of 0.16% has been claimed EH. 

3 Standard model predictions versus data 

In table 2 the standard model predictions for Z pole ob- 
servables and the W mass are put together. The first 
error corresponds to the variation of mt in the observed 
range (1) and 60 < Mh < 1000 GeV. The second er- 
ror is the hadronic uncertainty from = 0.12|3 ± 0.006, 
as measured by QCD obsecvables at the Z cB. The re- 
cent combined LEP results u on the Z resonance param- 
eters, under the assumption of lepton universality, are 
also shown in table 1, tci|ge|t|her with s^ from the left-right 
asymmetry at the SLC Stl. 

The value for the leptonic mixing angle from the left- 
right asymmetry A^n has come closer to the LEP result, 
but due to its smaller error the deviation from the cumu- 
lative LEP average is still 3a. 

Significant deviations from the standard model predic- 
tions are observed in the ratios Rb = ^b/^had and 
Rc = Tc/Thad- The experimental values, together with 
the top mass (1) from the Tevatron, are compatible with 
the standard model at a confidence level of less than 1% 
(see Idea), enough to claim a deviation from the Standard 
Model. The other precision observables are in perfect 



Table 2: Precision observables: experimental results (from refs. 1,2,3) and standard model predictions. 









Mz (GcV) 


91.1884 ± 0.0022 


input 


Tz (GeV) 


2.4963 ± 0.0032 


2.4976 ± 0.0077 ± 0.0033 


CTq (nb) 


41.4882 ± 0.078 


41.457 ± 0.011 ± 0.076 




20.788 ± 0.032 


OA 1 A A1 A 1 A AOO 

20.771 ± 0.019 ± 0.038 


ri„„ (MeV) 


499.9 ± 2.5 


501.6 ± 1.1 


T~l /T^ O 

i b/i /lad — 


A 001A 1 A AAli^ 

(j.z^iy ± (J.UU17 


A 01 1 A AAA A 

0.2155 ± 0.0004 




0.1540 ± 0.0074 


0.1723 ± 0.0002 


^6 


0.841 ± 0.053 


0.9346 ± 0.0006 


Pi 


1.0044 ± 0.0016 


1.0050 ± 0.0023 




u.zoioo m u.uuuo^ 


n oQi 7 -1- n nni 9 




0.23049 ± 0.00050 


0.2317 ±0.0012 


LEP+SLC 


0.23143 ± 0.00028 




Mw (GeV) 


80.26 ±0.16 


80.36 ±0.18 



agreement with the Standard ModeL Note that the ex- 
perimental value for pe exhibits the presence of genuine 
electroweak corrections by nearly 3 standard deviations. 

The W mass prediction is obtained by Eqs. (10-12) 
from Mz, G^, a and Mh, rnt- The quantity s^r resp. the 
ratio Mw/Mz is indirectly measured in deep-inelastic 
neutrino scattering, in particular in the NC/CC neu- 
trino cross section ratio for isoscalar targets. The present 
world average from CCFICGDHS and CHARM, includ- 
ing the new CCFR result cfl 

sw^l- Ml, /Ml = 0.2253 ± 0.0047 

is fully consistent with the direct vector boson mass mea- 
surements and with the standard theory. 

Standard model fits: Assuming the validity of the stan- 
dard model a global fit to all electroweak results from 
LEP, SLD, jjjflpand vN constrains the parameters rnt, as 
as follows: BSb 

mt = 178±8l^^GeV, Us = 0.123±0.004±0.002 (25) 

with Mh — 300 GeV for the central value. The second 
error is from the variation of Mh between 60 GeV and 
1 TeV. The fit results include the uncertainties of the 
standard model calculations. 

The indirect determination of the W mass from 
LEP/SLD data, 

Mw = 80.359 ± Q.m^tl f2i GeV , 

is in best agreement with the direct measurement (see 
table 2). Moreover, the value obtained for as at Mz 
coincides with the one measured frpm others than elec- 
troweak observables at the Z peak l3. 



The main Higgs dependence of the electroweak pre- 
dictions is only logarithmic in the Higgs mass. Hence, 
the sensitivity of the data to Mh is not very pronounced. 
Using the Tevatron value for rrit as an additional exper- 
imental constraint, the electroweak fit to all data yields 
Mh < 600 GeV with approximately 95% C.L. m. Sim- 
ilar results with bounds on Mh which are 100-200 MeV 
higher, based on the electroweak data from the winter 
conferences, have been obtained in ocj. 

Low energy results: The cross section for /i-neutrino 
electron scattering and the electroweak mixing angle 
measured by the CHARM II Collaboration agree with 
the standard model values: 

a{ve)/E^ = 16.51 ± 0.93) • IQ-^^cm^GeV-^ 
(SM : 17.23- lO"''^) 
sin^eU = 0.2324 ± 0.0083. (26) 

The mixing angle coincides with the result on sf from 
the Z, table 2, as expected by the theory. The major 
loop contributions in the difference, the different scales 
and the neutrino charge radius, largely cancel each other 
by numerical coincidence cil. 

The recent results from the CLEO Collaboration 
on the flavor changing B decays, the branching ratio 
BR{B Xsj) = (2.32 ± 0.67) • lO"'^ and the inclusive 
photon spectrum, are fully consistent with the standard 
model prejdictions based on the loop induced 6 — > 57 
transition c3. 

4 Future tests of the Standard Model 



4-.1 Higgs bosons 

The minimal model with a single scalar doublet is the 
simplest way to implement the electroweak symmetry 
breaking. The experimental result that the p-parameter 
is very close to unity is a natural feature of models with 
doublets and singlets. In the standard model, the mass 
Mh of the Higgs boson appears as the only additional 
parameter beyond the vector boson and fermion masses. 
Mh cannot be predicted but has to taken from experi- 
ment. ThjS present lower limit (95% C.L.) from the search 
at LEP eB is 65 GeV. Indirect determinations of Mh from 
precision data have already been discussed in section 3. 
The indirect mass bounds depend sensitively on small 
changes in the input data, and their reliability suffers at 
present from averaging data points which fluctuate by 
several standard deviations. As a general feature, it ap- 
pears that the data prefer light Higgs bosons. 

There are also a theoretical constraints on the Higgs 
mass from vacuum stability and absence of a Landau pole 
cB, and from lattice calculations til. A recent calculation 
of the decay width iasL.H W^W~ in the large Mh 
limit in 2-loop order e3 has shown that the 2-loop con- 
tribution exceeds the 1-loop term in size (same sign) for 
Mh > 930 GeV. The requirement of applicability of per- 
turbation theory therefore puts a stringent upper limit 
on the Higgs mass. 

Higgs boson searches at LEP2 and future high energy 
hadron and e^e~ colliders require precise predictions for 
the Higgs production and decay signatures together with 
detailed background studies. Improved calculations for 
the most relevant Higgs decays including higher order 
contributions have become available for i— ii— i 

H bL,foi Mh < 2mt in OTder^{al) E3@, and 




0{asG^mf) E3 as weh as 0{aj.G^_, 

• H ~f gg{g) up to order 0{ 

9 IL^ ZZ, WW for large Mh in electroweak 2-loop 
order E3. 

The QCD corrections-ior Higgs production at the 
LHC has been completed Ell, with the result of a signifi- 
cant enhancement by the next order QCD contributions. 

Higgs signal versus background studies were per- 
formed for the process e+£~ — > bb££ at tree level order, 
both_(semi-)analytically Ej and by Monte Carlo meth- 
ods lB. Current work is going on in the topical LEP200 
Workshop. An overview with more details on the present 
theoretical status of Higgs physics can be found in these 
proceedings e3. 

4-2 W bosons 

W mass measurements at LEP2 with an error of about 40 
eV and tests of the trilinear vector boson self couplings 
require standard model calculations for the process 
5~ W^W~ 4/ and the corresponding 4-fermion 



background processes at the accuracy level of 1%. A sta- 
tus report can be found in ref. Ea. One of the specific 
problems in the theoretical description of the production 
process for off-shell W bosons is the presence of the width 
term in the W propagator which violates gauge invari- 
ance, yielding gauge dependent amplitudes. As a solu- 
tion it has been proposed to take into account also 
the imaginary part in the WW^ vertex from the light 
fermion triangle loops. This prescription is in accordance 
with gauge invariance and cures the Ward identities be- 
tween 2- and 3-point functions involving and 7. 



4-3 g-2 for muons 

The anomalous magnetic moment of the muon. 



5m 



(27) 



provides a precision test of the standard model at low 
energies. Within the present experimental accuracy 
of Aa^ = 840 • 10~^^, theory and experiment are in 
best agreement, but the electroweak loop corrections are 
still hidden in the noise. A new experiment, E 821 
at Brookhaven National Laboratory Eil, is being pre- 
pared for 1996 to reduce the experimental error down to 
40 ± 10~^^ and hence will become sensitive to the elec^ 
troweak loop contribution, which at the 1-loop level lB 
amounts to 195 • 10^^^. 

For this reason the standard model prediction has 
to be known with comparable precision. Recent the- 
oretical work has contributed to reduce the theoretical 
. uacCTt ainty by calculating the electroweak 2-loop terms 
p6[|67|j6^ and updating the contribution from the hadronic 
photonic vacuum polarization □ 



had 



(vacuum pol.) = (7024 ± 153) • 10 



-11 



which agrees within the error with the result of m. The 
main sources for the theoretical error at present are the 
hadronic vacuum polarization and the light-by-light scat- 
tering mediated by quarks, as part of the 3- loop hadronic 
contribution l30. Table 3 shows the breakdown of a^. 
The hadronic part is supplernented by the higher order 
vacuum polarization effects C3 but is without the light- 
by-light contribution, where the situation is unclear at 
present. 

The 2-loop electroweak contribution turns out to be 
as big in size as the expected experimental error. The 
dominating theoretical uncertainty at present is the error 
in the hadronic vacuum polarization which can only be 
improved by new measurements of the cross section for 
e+e^ hadrons in the low energy range. But also the 
the contribution involving light-by-light scattering needs 
clarification in order to reduce the theoretical error. 



Table 3: Contributions Aa^ to the muonic anomalous magnetic 
moment and their theoretical uncertainties, in units of 10~^^. 



recent electroweak results presented at this conference I 
yields for Cb the value 



QEDi 
hadronic Bl3_ 
EW, 1-loop !^ 
EW, 2-loop EZ 
(anomaly grachs) 
EW, 2-loop e1 
(all fermionic-graphs) 
EW, 2-loop E3 
(bosonic grapiis) 
light-by-light — 
light-by-light □ 



future experiment 




5 

153 



2 
16 
50 



40 



5 Precision data and "New Physics" 

New physics in Rb ? If the observed difference between 
the measured and calculated values of Rb is explained by 
a non-standard contribution AFf, to the partial width 
T{Z bb), then also other hadronic quantities like 
^z,Rhad, ■ ■ ■ are increased unless the value of as is re- 
duced simultaneously. Including the new physics AITi. as 
an extra free parameter in the fit yields the values Era: 

as = 0.102 ± 0.008, ATb = 11.7 ± 3.8 ± 1.4MeV . 

The top mass is affected only marginally, shifting the 
central value by -1-3 GeV, but the impact on as is re- 
markable. 



Virtual New Physics: The generalization of the afore- 
mentioned method consists in the parametrization of the 
radiative corrections originating from the vector boson 
self-energies in terms of the static p-parameter Ap(0) = 
ei auH two other combinations of self-energies, 62 and 
63 lJO. This allows a more general analysis of the elec- 
troweak data which accommodates extensions of the min- 
imal model affecting only the vector bosoryaelf-energies. 
A further quantity Cb has been introduced l3 in order to 
parametrize specific non-universal left handed contribu- 
tions to the Zbb vertex via 

g\^giil+eb), g'y/g\^il-^sl+eb){l+eb)-'. (28) 

There is a wide literature El in this field with various 
conventions. 

Phenomenologically, the are parameters which can 
be determined experimentally frorp_the electroweak pre- 
cision data. An updated analysis 113 on the basis of the 



9.9 ±4.5 (SM: -6.6) 



The large difference to the standard model value is an an- 
other way of visualizing the deviation between the mea- 
sured and predicted number for the ratio Rb (table 2). 

The minimal super symmetric standard model (MSSM): 
The MSSM deserves a special discussion as the most pre- 
dictive framework beyond the minimal model. Its struc- 
ture allows a similarly complete calculation of the elec- 
troweak precision observables as in the standard model 
in terms of one Higgs mass (usually taken as Ma) and 
tan/? = V2/vi, together with the set of SUSY soft break- 
ing parameters fixing the chargino/neutralino and scalar 
fermipa sectors. It has been known since quite some 
time l2I that light non-standard Higgs bosons as well as 
light stop and charginos predict larger values lofJ,\\p„r?it\i, 



Rb and thus diminish the observed difference Lj'EiH 
CoipDlete 1-loop calculations are meanvjiLileiiaYailable for 
Ar E3 and for the Z boson observables EdSEj. 

The main results in view of the recent precision data 

are: 

• Rc can hardly be moved towards the measured range. 

• Rb can come closer to the measured value, in particular 
for light tji and light charginos. 

• as turns out to be smaller than in the minimal model 
because of the reasons explained in the beginning of this 
section. 

• There are strong constraints from the other precision 
observables which forbid parameter configurations shift- 
ing Rb into the observed la range. 

For obtaining the optimized SUSY parameter set, 
therefore, a global fit to all the electroweak precision 
data (including the top maas-ineasurements) has to be 
performed, as done in refs. l3Ej. Figure 1 displays the 
experimental data normalized to the best fit results in the 
SM and MSSM, with the data from this conference N. 
For the SM, as identified with the experimental number, 
therefore the corresponding result in Figure 1 is centered 
at 1. The most relevant conclusions are: 

(i) The difference between the experimental and theoret- 
ical value of Rb is diminished by a factor ~ 1/2, 

(ii) the central value for the strong couphng is as = 0.110 
and thus is very close to the value obtained from deep 
inelastic scattering, 

(iii) the other observables are practically unchanged, 

(iv) the of the fit is slightly better than in the minimal 
model. 

6 Conclusions 

The experimental data for tests of the standard model 
have achieved an impressive accuracy. In the meantime. 



Data / MSSM 
Data / SM 
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Figure 1: Experimental data normalized to the best fit results in 
the SM and MSSM 



many theoretical contributions have become available to 
improve and stabilize the standard model predictions. To 
reach, however, a theoretical accuracy at the level 0.1% 
or below, new experimental data on Aa and more com- 
plete electroweak 2-loop calculations are required. The 
observed deviations of several ct's in R^, Rc, A^p reduce 
the quality of the standard model fits significantly, but 
the indirect determination of mt is remarkably stable. 
Still impressive is the perfect agreement between theory 
and experiment for the whole set of the other precision 
observables. SUSY can improve the situtation due to an 
enhancement of Rb by new particles in the range of 100 
GeV or even below, but it is not possible to accomodate 
Rc- Within the MSSM analysis, the value for as is close 
to the one from deep-inelastic scattering. In the QCD 
sector, a deviation from the theoretical expectation in 
the inclusive jet cross section at the Tevatron has been 
reported £3 in terms of a significant excess of jets with 
Et > 200 GeV compared to the NLO QCD prediction. 
It is, however, too early to draw conclusions about new 
physics from that. 
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Abstract 

In this conference report a summary is given on the recent theoretical work 
that has contributed to improve the theoretical predictions for testing the standard 
model in present and future experiments. Precision calculations for the Z resonance 
are reviewed and the status of the standard model is discussed in the light of the 
recent top discovery and of the results from precision experiments. Furthermore, 
theoretical progress for the Higgs search, for W physics at LEP II, and for the 
anomalous magnetic moment of the muon is summarized. New Physics beyond 
the minimal model is briefly discussed, in particular the mimimal supersymmetric 
standard model in view of the recent electroweak precision data. 
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